Abstract. The aim of this study was to evaluate Kinesio Taping can improve muscle activity, joint angle, gait ability in patients with stroke suffering foot drop. Experimental group (n=13) participated in the Kinesio Taping on ankle joint with treadmill walking, while control group (n=12) wore AFO on ankle joint with treadmill walking for 4 weeks, 30 minutes per session, three times per week. In two groups, muscle activity was measured using the EMG, joint angle was measured using the Dartfish program, and after 4-week training. Experiment group showed a statistically significant improvement muscle activity, joint angle, gait ability compared to control group in 4 week. Application of Kinesio taping has a more positive effect on the muscle activity, joint angle, gait ability than AFO of the patients with stroke suffering foot drop.
Introduction
Stroke is a central nervous system disease, which is caused by sudden cerebrovascular ischemia or hemorrhage that impedes a smooth blood supply to the brain tissue, resulting in partial damage to brain function that causes function impairment. According to a report by the World Health Organization, stroke has the third highest mortality rate in advanced countries, and 15 million people experience impairment each year [1] .
Although approximately 80% of the patients are able to walk after a stroke, they show an abnormal walking pattern due to function impairment [2] . Patients with stroke show walking characteristics that have no selective movement, while the gait cycle is asymmetric and inefficient due to synkinesis [3] . Moreover, 84% of the patients with stroke develop contracture in more than one joint, among which 76% have contracture in the ankle joint [4] .
This study attempts to examine the impact of Kinesio taping around the ankle joint on muscle activity, joint angle, and gait velocity among patients with stroke, and to compare the effects with the ankle foot orthosis (AFO), which is widely used in clinics. Moreover, the study aims at providing experimental data that can contribute to broadening the range of choice for patients with stroke by suggesting the possibility of using assistants other than the AFO.
Material methods
The research subjects of this study consisted of 25 patients hospitalized in hospital M in Seoul in Korea, who were diagnosed with hemiparalysis due to stroke. The experiment proceeded by evenly dividing the sample into an experiment group (n=13) where taping was applied around the ankle joint, and a control group (n=12) who wore the AFO walking aid. The experiment group and the control group performed 30-minute daily treadmill walking three times a week, for a total of 4 weeks. The study subjects provided written informed consent prior to participation according to the ethical standards of the Declaration of Helsinki.
In this study, a surface electromyogram of the Bagnoli EMG System (DelsysInc, Boston, MA,USA) was used for measuring the change of muscle activity in the lower limb for a total of four muscles; that is, the tibialis anterior (TA), the gastrocnemius (GCM), the rectus femoris, and the gluteus maximus. For the measurement of the joint angle, the Dartfish program (Pro Suite, Korea) was used, which is able to conduct kinematic motion analysis of hemiparalysis patients' walking.
The elastic Kinesio tape was attached to the skin without elongating the tape, while stretching the length of muscle to the maximum. The sites of tape application included the tibialis anterior (TA), the gastrocnemius, and the ankle joint (figure-ofeight taping) [5] . For gait training using the treadmill, self-selected velocity was first measured under the weight-bearing condition. During the gait training phase, the velocity was set around 2-3 km/h in order to minimize the overlap effects of walking improvement from the treadmill exercise, where the velocity was determined according to the patients' ordinary walking ability, so they could feel most comfortable [6] .
For the statistical analysis of this study, the mean and standard deviation were computed using SPSS/window (version20.0). A paired t-test was performed to compare the within-group difference of the dependent variable before, and 4weeks after, the intervention. In order to examine the between-group difference of the change of the dependent variable before and after the intervention, an independent ttest was performed. The statistical significance level was set at α = 0.05.
Results
The results of comparison of the therapeutic effect in the experimental and control groups revealed significant differences in TA, GCM, RF, DF, PF (Table 1) (Table 2) . 
Discussion
The important functions of the ankle joint and feet of the body are to provide a driving force during walking, and shock absorption with the ankle joint, as well as controlling the balance upon posture disturbance, where the muscle strength of the ankle joint, the ROM, and the proprioceptive sense are required [7] . In particular, it is reported that TA and GCM are activated in the case of a small physical disturbance, while GCM is activated when the body moves forward. In a backward movement, TA is activated [8] . The foot drop symptom, due to rigidity and paralysis among the patients with stroke, shows characteristics of unstable feet and ankles as well as weakening muscles, which act as a critical disturbing factor for joint angle, walking, etc [9] . This study compared the change of TA and GCM muscle activity of both groups before and after the intervention. According to the comparison results, the experiment group showed a significant within-group difference (p<0.001) as well as significant between-group difference (p< 0.05), while the control group showed no significant change (p>0.05). It is conjectured that these results were caused by the fact that there was no muscular contraction of the muscle surrounding the ankle joint due to the fixed walking aid of the AFO in the control group.
This study compared the change of RF and GM muscle activity of both the experimental group and the control group before and after the intervention. According to the comparison results, both groups showed a significant within-group difference (p<0.05). Only RF turned out to have a significant difference between the experiment group and the control group (p<0.05). It is conjectured that ankle joint taping in a figure-of-eight shape played an effective role in supporting the ankle joint. The resulting stable ankle joint is surmised to have produced a significant change in RF and GM muscle activity of the paralyzed lower limb.
This study compared the joint angle of the experiment group and the control group before and after the intervention. According to the comparison results, the experiment group showed significant within-group change (p<0.001) and a significant betweengroup difference was also observed (p<0.05). However, the control group did not show a significant change in either dorsiflexion or plantar flexion (p>0.05). In their experiment results, Callaghan et al. [10] reported an enhancement of ROM in the attached area after applying taping.
We believe that further studies on the qualitative improvement with more detailed walking analysis regarding gait velocity enhancement after wearing the AFO will be required in the future. The group that used Kinesio taping (experiment group) showed a more significant change in muscle activity and gait compared to the AFO-wearing group (control group). In particular, the Kinesio taping group showed an increase in the muscle activity of TA and GCM as well as a significant change of joint angle of dorsiflexion and plantar flexion, which were not observed in the AFO-wearing group. It is believed that the elasticity and ankle fixating, and the supporting role of Kinesio taping, caused a significant difference compared to the AFO walking aid. We believe that the results of this study, where the significant effects of the AFO compared to the Kinesio taping on the ankle joint of the patients with stroke who suffered foot drop symptoms, were confirmed and can be useful for improving the walking function of those with foot drop, and for future studies on walking aids.
